Introduction
Varicocele is a hemodynamic impairment with continuous blood reflux in the pampiniform venous plexus. The condition is characterized by abnormal dilatation and retrograde blood flow in the affected veins [1] and is present in approximately 15% of the general population. The prevalence is up to 35% in male population with primary infertility and can be as high as 75% in men with secondary infertility [2] . Although the effects of varicocele, including a reduced volume of the affected testis, impaired sperm production, reduced fertility, and scrotal pain, are well established, the mechanism of testicular damage is still unclear [3] . The most accepted pathophysiology of varicocele-associated infertility is increased testicular temperature secondary to venous reflux [4] .
Varicocelectomy can be performed by traditional open surgery (high retroperitoneal, inguinal, or subinguinal), microscopic surgery (inguinal or subinguinal), and laparoscopic approach. Regardless of different modalities, changes in semen parameters have been demonstrated. Cayan et al [5] found an improvement in the quality of spermatozoa in approximately 70% of patients, whereas another randomized controlled trial and a metaanalysis showed that varicocelectomy improves semen quality and reduces seminal oxidative stress [6, 7] . In contrast, Evers et al [8] demonstrated that varicocelectomy is not effective for the treatment of male subfertility. Furthermore, Daitch et al [9] concluded that, although varicocelectomy did not improve semen parameters, it improved the chance of pregnancy and live birth rates in couples with male infertility that underwent intrauterine insemination.
The testes are supplied by three major arteries: the testicular artery (TA), the cremasteric artery, and the deferential artery. The TA divides into two branches; the capsular artery (CA) that continues on the surface of the testis and the intratesticular artery (ITA) that goes deep into the parenchyma of the testis [10] . Scrotal color Doppler ultrasound (CDUS) has been established as an effective and accurate diagnostic tool for examining the macro and microvascularity of the testes, in which arterial flow velocities (peak systolic velocity [PSV] and end-diastolic velocity [EDV] ) and resistance indices (e.g., resistive index [RI] and pulsatility index [PI]) can be easily measured [10] [11] [12] .
In this study, we evaluated the effect of differences in the PSV and RI in the TA, CA, and ITA before and after microscopic subinguinal varicocelectomy (MSV) on postoperative pain and semen parameters.
Materials and methods
This study was reviewed and approved by the Selcuk University School of Medicine Ethics Committee (approval 2012/97) and performed in accordance with the ethical standards in the 1964 Declaration of Helsinki and its later amendments. Written informed consent was obtained from all patients.
The aim of the study was to evaluate whether the PSV and/or RI can be used to predict surgical outcomes in regards to the pre-operative pain level and semen parameters. Therefore, the PSV and RI were measured in three different levels of arterial supply (i.e., the TA, CA, and ITA) before and after MSV to identify correlations between these CDUS parameters and decreased pain and/ or improved semen parameters.
Between June 2012 and March 2015, 82 men were diagnosed with clinical varicocele. Fifty-nine of these patients underwent a left MSV and 11 underwent a bilateral MSV in our department. The exclusion criteria for this study were bilateral varicocele, any scrotal pathology other than varicocele, and a history of previous varicocelectomy. Thus, a total of 38 patients who had a left varicocele presenting only with left scrotal pain and infertility/abnormal semen parameters were included in this prospective study. No comorbidities, including hypertension, diabetes, or other general diseases, were present in these patients.
The physical examination was performed in a warm room and the Valsalva maneuver was performed while the patient was standing upright [4] . The degree of varicocele was graded clinically as grade I (varicocele palpable only during Valsalva maneuver), grade II (varicocele palpable in standing position), and grade III (varicocele detectable by visual scrutiny alone) [4] . Pain was evaluated by a 10-point visual analog scale (VAS) in which 0 was graded as no pain and 10 as the worst pain in the patient's life. Before the operation, two separate semen analyses were performed with an interval of at least 2 weeks on samples obtained via masturbation after 3-5 days of sexual abstinence. The sperm concentration and motility were assessed using the World Health Organization (WHO) 2010 guidelines [13] .
Before surgery, all patients underwent CDUS performed by the same radiologist (M.K.) using color and Duplex ultrasonography (Toshiba Aplio 400, Tokyo, Japan) with a linear 7.5 MHz transducer in the supine position. During the examination, the diameter of the largest vein in the pampiniform plexus, the retrograde flow in both the relaxed state and during the Valsalva maneuver, and the PSV and RI of the TA, CA, and ITA were measured (fig 1) . The presence of two or more varicose veins with a diameter of at least 3 mm and a retrograde flow lasting more than 2 seconds during the Valsalva maneuver were the diagnostic criteria defining a clinical varicocele.
All of the patients underwent a left MSV under spinal or general anesthesia by the same surgeon (M.A.). Using an operating microscope (Carl Zeiss ® ) at 15-20x magnification, all internal spermatic veins were identified, dissected, and ligated with 3-0 silk sutures and then divided while preserving vas deferens, vassal vessels, TA, and lymphatic vessels as much as possible. Patients were examined carefully for an external spermatic vein; if present it was also ligated and divided. All patients were discharged the day after surgery without any peri-operative complications.
All patients were scheduled for a follow-up at 3 and 6 months to evaluate pain and to perform a semen analysis and scrotal CDUS. Complications, such as hydrocele and testicular atrophy, were also examined during the follow-up.
Patients were classified into four groups according to their VAS scores: no (0), mild (1-4), moderate (5-6), and severe (7-10) pain [14] . An at least 3-point decrease in the VAS score or no pain at all at 6 months was defined as successful pain improvement. Patients were also considered to have had a successful or failed operation based on sperm concentration (≥15 million/mL and <15 million/ mL, respectively) [13] .
Statistical analysis
The normality of the distributions was evaluated using the Shapiro-Wilk test. Wilcoxon, paired t, MannWhitney U, and Friedman tests were used to test the differences between group numbers and paired or unpaired groups as appropriate. The results were expressed as mean ± standard deviation, median (min-max), or number (frequency). The Spearman rho correlation coefficient was used to indicate relationships between variables. The significance level (α) was 0.05 and a twotailed p<0.05 was considered significant. All statistical analyses were performed using SPSS 15.0 (SPSS Inc., Chicago, IL, USA).
Results
Postoperative data were missing for 2 patients at the first follow-up and 3 patients at the second follow-up; therefore, 33 patients were evaluated in the final analysis. The mean age was 25.5 ± 4.5 years (median 26 years, range 18-31 years). Nineteen patients (57.6%) had grade II and 14 patients (42.4%) grade III varicocele. During MSV, the median number of ligated veins was 9 (range 4-12), and 20 patients (60.6%) had an external spermatic vein. The mean duration of MSV was 72.4 ± 14.6 min (range 50-118 min). No patient had hydrocele or testicular atrophy during the follow-up. Pre-operative and postoperative pain scores, sperm parameters, vein diameters, and the PSV and RI of the TA, CA, and ITA are reported in Table I .
A significant decrease in pain scores was observed in the majority of patients at both follow-ups. Only four patients did not have improved pain scores. Based on the sperm concentrations at 6 months, 21 patients (63.6%) had a successful operation. Scrotal CDUS at 3 months revealed a significant increase in the TA-PSV and a significant decrease in the TA-RI and CA-RI. However, CDUS at 6 months revealed a significant increase in the TA-PSV and a decrease in the TA-RI compared to the pre-operative value. However, the PSV of the ITA and CA significantly increased and the RI of the ITA and CA significantly decreased with respect to both the pre-operative and 3-month values.
At the first follow-up, a significant positive correlation was observed between the TA-PSV and ITA-PSV (r=0.358, p=0.04), TA-PSV and CA-PSV (r=0.469, p=0.006), and ITA-PSV and CA-PSV (r=0.46, p=0.007). The correlations between the 6-month values and pre-operative values provided much more information about the results of the operation. A negative correlation was found between the pain level and TA-PSV (r=-0.433, p=0.012), whereas sperm concentration positively correlated with both the TA-PSV (r=0.534, p=0.001) and CA-PSV (r=0.455, p=0.008). The negative correlation found between the sperm concentration and pain (r=-0.476, p=0.005) might indicate that the operation was successful in terms of both pain relief and sperm concentration. All other correlations between CDUS parameters, except between the TA-RI and ITA-PSV, were significant (Table II) . The increase in the PSV ofn the TA, ITA, and CA and the decrease in the RI of the TA, ITA, and CA were still present at 6 months. Therefore, the positive correlations between these values and the negative correlation between the PSV and RI in these three arteries were maintained.
No differences were observed in the CDUS parameters, except the TA-RI, between patients with or without successful pain relief, (0.62 vs. 0.50, respectively; p=0.047). As the p-value was very close to the cut-off, this relationship can be ignored (Table III) . When the patients with a successful or failed operation in terms of sperm concentration were evaluated, significant differences were observed only in the PSV of the ITA and CA at the first follow-up, and in the PSV of the TA and CA at the second follow-up (Table IV) . 
Discussions
Varicocele is a common entity in daily urological practice, especially in infertile men. Though the disorder may be completely asymptomatic, scrotal pain and/ or fertility problems can occur. CDUS is a useful and non-invasive tool for the diagnosis and follow-up of varicocele and has a sensitivity of 83-95% [15, 16] . The technique helps measure the testicular dimensions, the diameters of dilated veins, the retrograde flow, and the arterial flow parameters, such as the PSV, EDV, RI, and PI. The effects of varicocelectomy on semen parameters and on pregnancy rates are well studied, but relatively little is known about the changes in the microvasculature of the testicles after surgery [5] [6] [7] [8] [9] . A few years ago, different research groups evaluated the microhemodynamics of the testes after varicocelectomy and reported different results [17, 18] . The changes in the microhemodynamics of the testes recently became a hot topic yet again, with some authors trying to find a correlation between CDUS parameters and surgical outcomes. We aimed to identify a CDUS parameter that can help predict pain reduction and/or improved semen parameters.
Tanriverdi et al observed no change in the maximal and minimal flow rates or the RI after microsurgical and high ligation varicocelectomy, concluding that no significant impairment of testicular circulation occurred after surgery [17] . Unsal et al found a significant difference in the RI and PI of the CA in varicocele patients compared to a control group [18] . Keeping in mind that there was a small number of cases in their study, the authors pointed out that these indices may be an indicator of impaired testicular microcirculation. Later, Balci et al were the first to show a significant decrease in the mean intratesticular RI with an improvement in semen parameters and concluded that a decrease in the RI suggests an improvement in the testicular blood supply [11] . However, they did not find a correlation between the difference in the RI and an improvement in the total motile sperm count, probably because of the small number of patients.
Tarhan et al investigated the long-term effects of inguinal MVS on blood flow and semen parameters [12] . The PSV and EDV were increased in the left TA, and the RI and PI of the left CA and ITA were decreased, but the authors did not observe any change in these parameters in the right arteries. They also found a significant correlation between the semen analysis and the PSV, RI, and PI of the left CA [12] . With a significant correlation between improved testicular hemodynamics and semen parameters, the authors suggested that testicular blood flow parameters could be used in the postoperative follow-up of patients with varicocele.
Two very recent studies correlated improvements in testicular blood flow parameters and semen analysis. Zhang et al showed that the PSV, RI, and PI of the left CA and ITA decreased significantly after laparoscopic varicocelectomy and MSV, but no significant difference was noted in the EDV [19] . Separately evaluating these differences for the two approaches, the authors found that MSV provided a better and earlier improvement in these parameters. They also concluded that the RI and PI of the ITA and CA are two important indices for predicting the prognosis after varicocelectomy. Ener et al evaluated the arterial flow, resistance, and sperm parameters before and 3 months after subinguinal varicocelectomy [20] . A significant increase in the PSV and EDV with a significant decrease in the PI and RI of the left CA correlated with a significant improvement in the sperm concentration, progressive motility, and morphology at 3 months. However, they were not able to show a significant difference in the CDUS parameters of patients with improved semen parameters compared to those without improved semen parameters, which they reasoned was due to the small number of patients in their study.
We observed a significant increase in the PSV of the TA, ITA, and CA, as well as a significant decrease in the RI of the same arteries. The changes in the PSV and RI of the TA were more prominent, which may be due to the wider diameter of this artery compared to the other two.
Assessing the PSV and EDV in the CA and ITA is generally more difficult because these arteries are smaller and more tortuous and have a lower flow velocity. Moreover, evaluation of these blood flow parameters with CDUS depends on the angle of insonation and the vessel diameters, whereas the PI and RI do not depend on these factors [21] . Zhang et al evaluated only the CA and ITA 6 months after surgery, whereas we assessed the PSV and RI of the TA, CA, and ITA at 3 and 6 months after surgery [19] . Although the significant decrease in the RI of the CA and ITA was similar to their findings, we also observed an increase in the PSV in these arteries. Thus, our results are partly similar to those of Ener et al [20] , though they only assessed the CA at 3 months. Tanriverdi et al assessed the RI at 7 days after varicocelectomy and failed to show any change [17] . The authors criticized themselves, as very early postoperative evaluation may not provide accurate information about testicular hemodynamics. Similar to Tarhan et al [12] , we also think that late assessment of these parameters would provide more information about the microhemodynamics of the testes and the success of the operation because it may take several months for the edema and inflammation in the operative field to recover. We think that a greater number of significant correlations between the pre-operative and second postoperative values proves this hypothesis.
Our results show that improved pain levels, sperm parameters, and CDUS parameters continue up to 6 months after surgery. This improvement may likely continue after 6 months. The PSV in the three arteries continued to increase as the RI values decreased, which shows the ongoing changes in the microhemodynamics of the testes. The TA-PSV and CA-PSV seem to have the potential for use in predicting improvements in sperm concentration, whereas the TA-PSV can be used for pain relief.
When the differences in CDUS parameters between patients with successful and failed surgery in terms of both pain and sperm concentration were considered, a few parameters were found to have significant predictive value. The TA-PSV was significant when all patients were evaluated, but the TA-RI seemed to have value for predicting an improvement in pain in the subgroup assessment, though it was not significant and is not enough to conclude a firm correlation. The inclusion of relatively few patients may have had an effect on this result. When considering successful and failed surgery based on the sperm concentration, the PSV of the ITA and CA at 3 months and the PSV of the TA and CA at 6 months had the potential to predict the outcome. The CA-PSV was significant at both follow-ups. Taken together, the results indicate that the CA-PSV can be used to differentiate patients with successful surgeries based on sperm concentration.
This study has some limitations. First, a relatively small number of patients was enrolled in the study and 5 patients were lost to follow-up, which may have affected the statistical analysis. Second, sperm morphology was not evaluated due to missing data. Third, only the PSV and RI were measured on scrotal CDUS. Including the EDV and PI would have been beneficial.
Nonetheless, this study has some important strengths. Relatively young and healthy patients were evaluated, which made the study cohort quite homogenous. In addition, all patients were operated on by the same surgeon using a microsurgical technique, and all scrotal CDUSs were performed by the same radiologist and all spermiograms in the same laboratory. Moreover, two postoperative follow-ups were performed, which made the results more consistent and reliable.
Conclusion
Even with limited parameters, scrotal CDUS is a useful tool for detecting changes in the microhemodynamics of the testes after MSV and predicting the surgical outcome. The TA-PSV and CA-PSV can be used to predict improvements in pain and sperm concentration. Prospective controlled studies in larger cohorts are needed to understand whether the correlation of blood flow and resistance parameters with surgical outcomes is persistent in the long-term postoperative period and whether these parameters can be used routinely in clinical practice.
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